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TO ALL WHOM IT MAY CONCERN: 

Be it known that I, DIRK HEILENKOTTER, a citizen of Germany, whose post 
office address is Auf dem Sande 4, DE-38524 Dannenbiittel, Germany, have invented an 
improvement in 

PROCESS FOR DETERMINING THE CURRENT STATE OF A 
LUBRICANT 

of which the following is a 

SPECIFICATION 
BACKGROUND OF THE INVENTION 
[0001] This invention relates to a process for determining the current state of a lubricant that 
lubricates at least one pair of frictional coupling elements which cooperate at least some of the 
time to transmit a torque, and, in particular, for determining the current state of the transmission 
oil for lubrication of two wet-running frictional coupling elements of a transmission, wherein the 
cooperating coupling elements have certain slip characteristics at a specific quality state of the 
lubricant. 

[0002] In wet-running clutches comprised of two frictional coupling elements selectively 
engagable to transmit a torque, "microslip" is present between the coupling elements even when 
engaged in the lower portion of the specified load range. This microslip increases as the load 
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increases, Le, as the torque to be transmitted increases, rising slowly but steadily into the region 
of "macroslip". When the frictional coupling element lubricant degrades due to the factors 
discussed below, the slip characteristics of the frictional coupling elements change and microslip 
no longer occurs at low torque, leading to an abrupt transition to macroslip when a certain torque 
threshold is exceeded. 

[0003] Lubricants are subject to degradation caused by temperature fluctuations, length of time 
the lubricant is used, type and manner of use and contamination of the lubricant. Degraded 
lubricants are ineffective at protecting the elements they lubricate from damage caused by 
friction. Additionally, degraded lubricant can lead to damage to components connected to the 
elements the lubricant protects. For example, components within a transmission, such as gears, 
synchronizers and sliding sleeves can be damaged when the frictional coupling elements in the 
clutch connected to the transmission are lubricated by degraded lubricant. Consequently, 
lubricants must be replaced after an appropriate period of use. With regard to engine lubricants 
in motor vehicles, it is customary to replace such lubricant after every 15,000km or 30,000km 
driven or after a particular amount of time, e.g. every 12 months. To alert the driver of a motor 
vehicle that it is time for an oil change, it is known to provide appropriate visual displays in the 
passenger compartment which are activated in response to signals (typically generated by an on- 
board computer) based on the mileage driven. However, such methods do not account for 
premature degradation in the lubricants caused by temperature variations, differences in 
individual driving behavior, or contamination to the lubricant caused by seal leaks or other 
factors. Such premature degradation could occur prior to the end of the inspection interval, 
causing damage as previously discussed. 
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[0004] DE 19,644,029 Al discloses a process for determining the functional suitability of a 
lubricant that lubricates slip-controlled clutches using a test vessel. The process tests different 
lubricants for their suitability for use in slip-controlled clutches. The process does not, however, 
determine the current state of a lubricant that is already being used to lubricate two cooperating 
factional coupling elements. 

[0005] Accordingly, there exists a need for a method of determining the current state of 
lubricant which is lubricating at least one pair of frictional coupling elements that transmit a 
torque when engaged. 

SUMMARY OF THE INVENTION 

[0006] It is an object of the invention to provide a method for determining the current state of a 
lubricant that lubricates at least one pair of frictional coupling elements arranged to cooperate 
and transmit a torque when engaged. 

[0007] It is another object of the invention to prevent damage to frictional coupling elements 
and/or components connected to the frictional coupling elements resulting from inadequate 
lubrication of the frictional coupling elements. 

[0008] The invention provides a method for determining the current state of a lubricant that 
lubricates at least one pair of frictional coupling elements which transmit a torque when engaged. 
The current slip characteristics of the coupling elements are determined and compared to 
reference slip characteristics which correspond to specific quality states of the lubricant. The 
current state of the lubricant is thereby determined. 
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[0009] Preferably, the reference slip characteristics are known for selected operating 

conditions. These selected operating conditions may include torque transmission, temperature 

and force exerted between the frictional coupling elements. 

[0010] In a preferred embodiment, if an improper quality state of the lubricant is detected, a 
vehicle operator is signaled. 

[0011] In another preferred embodiment of the present invention, the current slip 
characteristics are determined from the results of measuring the rotational speed of each coupling 
element. 

[0012] In a further preferred embodiment, the comparing of current slip characteristics to the 
reference slip characteristics is performed by a processor such as a digital processor. In a highly 
preferred embodiment, the reference slip characteristics are stored in a memory associated with 
the processor. 

[0013] In a highly preferred embodiment, determining the current state of the lubricant 
includes generating a signal when the value of the current slip characteristics differs from a 
reference slip characteristic value by a predetermined amount. 

[0014] In this manner, a method of determining the current state of a lubricant lubricating two 
frictional coupling elements is provided and an operator may be signaled when the lubricant 
becomes degraded so the lubricant may be replaced before damage occurs. 

[0015] Additional features and advantages of the invention appear in the following description 
of preferred embodiments of the invention, reference being made to the accompanying drawing 
which is incorporated and constitutes a part of this disclosure. 
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BRIEF DESCRIPTION OF THE DRAWING 

[0016] Fig. 1 is a simplified schematic representation of components for implementing the 
process according to the invention 

DESCRIPTION OF THE PRFERRED EMBODIEMENTS 

[0017] In the simplified schematic representation of the components for implementing the 
process according to the invention represented in Fig. 1, reference is made to an automotive 
application of the present invention; however it will be apparent that the approach has general 
applicability to any system where at least two frictional coupling elements for transmitting a 
torque are lubricated, such as in machine transmissions or in a transmission clutch located 
outside of a transmission. 

[0018] Referring to Fig. 1, a first frictional coupling element 2 and a second frictional coupling 
element 3 are arranged in a clutch housing 4a such that they can rotate and be lubricated by 
lubricant 1 . In the automotive application of Fig. 1, the elements are implemented as part of a 
transmission clutch 4. The temperature of lubricant 1 may be detected by a temperature sensor 
not shown. The lubricant 1 may be drained out through orifice 12a or may be added through 
orifice 12b. 

[0019] Transmission clutch 4 is located between a transmission 5 and engine 6, and thus 
transmits the torque from engine output shaft 6a to the transmission input shaft 5a when 
frictional coupling elements 2 and 3 cooperate through frictional engagement. Frictional 
coupling elements 2 and 3 may be brought into or out of engagement with one another as shown 
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by arrow A. The engagement or disengagement of coupling elements 2 and 3 may be effected by 
an actuating device that is not shown in Fig. 1 . 

[0020] The control unit 7, which may be a general purpose digital processor, is connected to 
the transmission 5, the engine 6, a display device 1 1 and speed sensors 9 and 10 via control lines 
8. Speed sensors 9 and 10 are capable of measuring the rotational speed of fractional coupling 
elements 2 and 3 respectively. Display device 1 1 can be activated to display an alert to a vehicle 
operator when lubricant 1 is no longer at the desired state, Le, has become degraded. 

[0021] The operation of control unit 7 is now described in detail. In a preferred embodiment 
of the present invention, reference slip characteristic values of factional coupling elements 2 and 
3 corresponding to operating points with specific parameters such as temperature, force between 
elements 2 and 3 and/or torque transmission values are measured at a time when lubricant 1 is 
known to be properly functioning, Le, not yet overly aged or degraded. These reference values 
are stored in a memory associated with control unit 7. Preferably, the reference values are 
determined by comparing the rotational speed of element 2 as reported by speed sensor 9 with 
the rotational speed of element 3 as reported by speed sensor 10 at the operating point under 
investigation. 

[0022] During vehicle operation, speed sensors 9 and 10 continuously report the rotational 
speeds of frictional coupling elements 2 and 3 to control unit 7. Additionally, other sensors not 
shown report other operating parameters such as temp erature, torque tra nsm itted and force 
exejled-heteeeno oupling elements 2 jnd-3 to control unit 7. Control unit 7 then determines 
from the rotational speeds of elements 2 and 3 their current slip characteristics. From the 
operating parameter information, control unit 7 determines which of the reference slip 
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characteristic values stored in its memory to compare to the determined current slip 
characteristics of elements 2 and 3. Having selected the appropriate reference characteristics for 
comparison, control unit 7 compares the current slip characteristics of the frictional coupling 
elements with reference slip characteristic values. If control unit 7 determines that the current 
slip characteristics of the coupling elements differs from the reference slip characteristics by a 
certain amount, it will generate a signal to display device 1 1 , which in turn notifies the vehicle 
operator that the lubricant 1 has degraded and should be replaced. 

[0023] In another embodiment of the present invention where multiple pairs of frictional 
coupling elements are lubricated by the same lubricant and the slip behavior of those multiple 
pairs of frictional coupling elements is measured independently of each other and reported to 
control unit 7, then control unit 7 can determine in a manner similar to that described above not 
only the current state of lubricant 1, but also whether the^ctio^nhig})f these frictional 



shifting element pairs themselves have been damaged. 

[0024] While there have been described what are believed to be the preferred embodiments of 
the present invention, those skilled in the art will recognize that other and further changes and 
modifications may be made thereto without departing from the scope of the invention, and it is 
intended to claim all such changes and modifications. 




NY02:3 15545-1 



-7- 



